12 United States Patent

Worden et al.

US010527523B2

US 10,527,523 B2
Jan. 7, 2020

(10) Patent No.:
45) Date of Patent:

(54) VEHICLE SENSOR ASSEMBLY HAVING AN
RE SENSOR DISPOSED IN THE SENSOR
ASSEMBLY TO WIRELESSLY
COMMUNICATE DATA TO OUTSIDE THE
SENSOR ASSEMBLY

(71) Applicant: General Electric Company,
Schenectady, NY (US)

(72) Inventors: Bret Worden, Erie, PA (US); Jingjun
Zhang, Lawrence Park, PA (US); David
Petersen, Erie, PA (US)

(73) Assignee: GE GLOBAL SOURCING LLC,
Norwalk, CT (US)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 109 days.

(21)  Appl. No.: 15/370,505

(22) Filed: Dec. 6, 2016

(65) Prior Publication Data
US 2017/0176290 Al Jun. 22, 2017
Related U.S. Application Data
(60) Provisional application No. 62/269,265, filed on Dec.

18, 2015.
(51) Imnt. CL
GOIM 17/08 (2006.01)
GOIM 15/12 (2006.01)
(Continued)
(52) U.S. CL
CPC ... GOIM 15/12 (2013.01); GOIK 13/00

(2013.01); GOIP 15/0802 (2013.01)

(58) Field of Classification Search
USPC .............. 73/115.01, 115.07, 115.08, 117.01,
73/117.02, 117.03

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5473941 A * 12/1995 Judd ....................... GO1P 1/023

73/514.34
12/1998 Kaman

(Continued)

5,844,473 A

FOREIGN PATENT DOCUMENTS

EP 1 2135 564 A2 6/2002

OTHER PUBLICATTIONS

Extended European Search Report and Opinion 1ssued 1n connec-
tion with corresponding EP Application No. 6203512.5 dated May
22, 2017.

(Continued)

Primary Examiner — Eric S. McCall

(74) Attorney, Agent, or Firm — Christopher R. Carroll;
The Small Patent Law Group LLC

(57) ABSTRACT

A sensor assembly includes a housing extending from an
insertion end to an opposite coupling end, from a sensor end
to an opposite back end, and from a top end to an opposite
bottom end. The assembly also includes a sensor dish
outwardly projecting from the sensor end of the housing and
configured to hold one or more sensors. The assembly also
includes a radio frequency (RF) transparent sensor cap
configured to be secured to the sensor dish to secure the one
or more sensors within the sensor dish. The housing also can
be secured to a vehicle for the sensors to measure opera-
tional conditions of the vehicle. The housing of the sensor
assembly may be connected to a drive train of the vehicle by
inserting a fastener through a channel 1n the housing and into
a jacking hole of the vehicle.
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VEHICLE SENSOR ASSEMBLY HAVING AN
RE SENSOR DISPOSED IN THE SENSOR
ASSEMBLY TO WIRELESSLY
COMMUNICATE DATA TO OUTSIDE THE
SENSOR ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/269,265, filed 18 Dec. 2015, the entire dis-
closure of which 1s incorporated herein.

FIELD

Embodiments of the subject matter disclosed herein relate
to sensors used to monitor operational characteristics of
powered systems, such as vehicles.

BACKGROUND

Various systems can include sensors for monitoring char-
acteristics of the systems and/or surroundings of the sys-
tems. For example, vehicle systems, stationary power sys-
tems, etc., can mclude several sensors monitoring the same
or different characteristics. These sensors can monitor vibra-
tions, temperatures, states, or the like, of the systems 1n order
to track operation of the systems, identify unsate conditions,
determine when maintenance or repair of the systems are
needed, or to achieve other objectives. The data provided by
the sensors may be used for one or more purposes to control
operation and/or monitor health of the vehicles.

The accuracy of the measurements provided by sensors
can depend on the locations of the sensors in the powered
system. For example, a temperature sensor may provide
more accurate temperature measurements of a location 1n a
powered system when the sensor 1s closer to the location
than when the sensor 1s located elsewhere in the powered
system. As another example, an accelerometer can provide
more accurate measurements of movement of a component
in a powered system when the accelerometer 1s closer to
and/or connected with the component than when the accel-
crometer 1s farther from and/or separated from the compo-
nent.

But, some powered systems provide little to no room for
sensors 1 some locations. For example, while 1t may be
desirable to place a temperature sensor, accelerometer, or
other type of sensor 1n a location onboard a vehicle that 1s
on or close to the interface between the wheels and the route
being traveled upon, there may not be room for placing
sensors 1n this location. Moreover, the extreme conditions
experienced by these locations can limit or prohibit the
addition of sensors in the locations.

BRIEF DESCRIPTION

In one embodiment, a sensor assembly includes one or
more sensors configured to measure one or more operational
conditions of a vehicle and a housing extending from an
isertion end to an opposite coupling end and having an
internal chamber configured to hold the one or more sensors.
The housing also 1includes a channel extending through the
housing from the insertion end to the coupling end. The
channel 1s configured to receive a connector that extends
through the channel and connects with the vehicle to secure
the housing to the vehicle.
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In one embodiment, a sensor assembly includes a housing,
extending from an isertion end to an opposite coupling end,

extending from a sensor end to an opposite back end, and
from a top end to an opposite bottom end. Each of the sensor
end, the back end, the top end, and the bottom end intersects
both the msertion end and the coupling end. The assembly
also includes a sensor dish outwardly projecting from the
sensor end of the housing. The sensor dish 1s configured to
hold one or more sensors. The assembly also includes a radio
frequency (RF) transparent sensor cap configured to be
secured to the sensor dish to secure the one or more sensors
within the sensor dish. The housing also can be configured
to be secured to a vehicle for the one or more sensors to
measure one or more operational conditions of the vehicle.

In one embodiment, a sensor assembly 1ncludes a housing
that 1s elongated from an 1insertion end to an opposite
coupling end. The insertion end 1s configured to receive a
connector 1nto a channel extending through the housing
from the insertion end to the coupling end. The coupling end
1s configured to engage a motor assembly of a vehicle to
which the connector secures the housing. The channel of the
housing 1s configured to receive the connector without being
secured to one or more threads of the connector. The
assembly can include one or more sensors configured to
measure one or more operational conditions of the vehicle.

In one embodiment, a sensor assembly kit includes a
connector, one or more sensors configured to measure one or
more operational conditions of a vehicle, and a housing
extending from an insertion end to an opposite coupling end
and having an internal chamber configured to hold the one
or more sensors. The housing also includes a channel
extending through the housing from the insertion end to the
coupling end. The channel 1s configured to receive the
connector. The connector 1s configured to extend through the
channel and connect with an existing aperture in the vehicle
to detachably secure the housing to the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference 1s made to the accompanying drawings in
which particular embodiments and further benefits of the
invention are illustrated as described 1n more detail in the
description below, 1n which:

FIG. 1 1llustrates a perspective view of a sensor assembly;

FIG. 2 illustrates a front view of the sensor assembly
shown 1n FIG. 1;

FIG. 3 illustrates a rear view of the sensor assembly

shown 1n FIG. 1;

FIG. 4 illustrates a top view of the sensor assembly shown
in FIG. 1;

FIG. 5 1llustrates a bottom view of the sensor assembly
shown 1n FIG. 1;

FIG. 6 1llustrates a left view of the sensor assembly shown
in FIG. 1;

FIG. 7 illustrates a right view of the sensor assembly
shown 1n FIG. 1;

FIG. 8 1llustrates a perspective view ol the sensor assem-
bly shown 1in FIG. 1 with a sensor cap shown 1n FIG. 1
removed according to one embodiment

FIG. 9 illustrates the right view of the sensor assembly
shown 1n FIG. 1 with the sensor cap also shown 1n FIG. 1
removed according to one embodiment;

FIG. 10 1llustrates a front view of the sensor assembly
shown 1 FIG. 1 with the sensor cap shown i FIG. 1
removed according to one embodiment;

FIG. 11 illustrates a motor assembly according to one
embodiment;
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FI1G. 12 1llustrates a U-tube structure shown in FIG. 11 of
the motor assembly also shown 1n FIG. 11 according to one

embodiment;

FI1G. 13 illustrates an exploded view of the sensor assem-
bly shown in FIG. 1 and a connector used to couple the
sensor assembly to the motor assembly shown i FIG. 11
according to one example;

FIG. 14 illustrates the sensor assembly shown i FIG. 1
connected to the U-tube structure of the motor assembly
shown 1n FIG. 1 according to one embodiment;

FIG. 15 illustrates operation of the sensor assembly
shown 1n FIG. 1 according to one embodiment; and

FIG. 16 illustrates a flowchart of one embodiment of a
method for providing a sensor assembly.

DETAILED DESCRIPTION

One or more embodiments of the mventive subject matter
described herein provide sensor assemblies and methods that
can monitor movement (e.g., vibrations) of one or more
components of vehicles. In one embodiment, the assemblies
and methods provide for sensors mounted to motor assem-
blies of vehicles to measure vibrations of the motor assem-
blies. The measured vibrations can be used to identify
damage to bearings of the motors 1n the motor assemblies,
predict when damage will occur to the bearings, or the like.
The severe environment of wheel/axle combinations 1n
vehicles (such as locomotives) can cause bearing failures in
the traction motors to be a significant disruption to railroad
traflic. Monitoring bearing health 1s a cost-eflective solution
to reduce the impact of these failures.

In one aspect, the assemblies and methods described
herein provide integrated sensor housings that allow a sensor
to be mounted to a U-tube structure of a motor housing
without alterations to the existing U-tube or motor housing,
structure. The sensor assembly can mount to the U-tube
structure using an existing opening, such as a jacking hole
that 1s otherwise used to insert a jack for lifting the motor
assembly. This type of mounting allows for a quick one-bolt
installation without the need for drilling or welding on the
existing structure of the motor assembly. The direct connec-
tion to the U-tube allows direct transmission of both vibra-
tion and thermal signatures of the motor assembly to the
sensor assembly, where more accurate measurements of
vibrations and/or temperatures may occur relative to placing
the sensor assemblies in other locations.

FIGS. 1 through 7 illustrate one embodiment of a sensor
assembly 100. FIG. 1 illustrates a perspective view of the
sensor assembly 100, FIG. 2 illustrates a front view of the
sensor assembly 100, FIG. 3 illustrates a rear view of the
sensor assembly 100, FIG. 4 illustrates a top view of the
sensor assembly 100, FIG. 3 1llustrates a bottom view of the
sensor assembly 100, FIG. 6 illustrates a left view of the
sensor assembly 100, and FIG. 7 illustrates a right view of
the sensor assembly 100. The sensor assembly 100 includes
a housing 102 that extends from an insertion end or surface
104 to an opposite coupling end or surface 200 (shown 1n
FIG. 2). The housing 102 also extends from a sensor end or
surface 106 to an opposite back end or surface 300 (shown
in FI1G. 3), and from a first end or surface 108 to an opposite,
second end or surface 202 (shown in FIG. 2).

The housing 102 includes a connector channel 110 that
extends through the housing 102 from the nsertion end 104
to the coupling end 200. In one embodiment, the connector
channel 110 1s a hole extending through the housing 102 that
does not 1include a threaded surtace (e.g., the channel 110 1s
threadless). Alternatively, the connector channel 110 may
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include one or more threads. As described herein, a connec-
tor may be inserted through the connector channel 110 and
coupled with a motor assembly to secure the sensor assem-
bly 100 to the motor assembly. The connector may be a
threaded connector that 1s secured to the motor assembly by
a threaded connection. The connector channel 110 may not
have threads so that the orientation of the sensor assembly
100 can be controlled by an operator installing the sensor
assembly 100 regardless of the relative positions of the
threads on the connector and the threads on the motor
assembly.

The housing 102 includes a sensor dish 112 extending
outward from the sensor end 106. The sensor dish 112
includes a relatively shallow container of the housing 102
that holds one or more sensors in the housing 102. The
sensor dish 112 extends from a front end or surface 114 to
an opposite, back end or surface 302 (shown 1n FIG. 3) along
the same or similar direction that the housing 102 extends
from the sensor end 106 to the back end 300. The sensor dish
112 may have a circular side wall 116 that extends from the
front end 114 to the back end 302. Alternatively, the sensor
dish 112 may have another shape or size. The sensor dish
112 may be relatively shallow in that the distance from the
front end 114 to the back end 302 may be smaller than the
distance between any two opposite ends of the housing 102.

A radio frequency (RF) transparent sensor cap 118 1is
connected with the front end 114 of the sensor dish 112 to
enclose the sensor or sensors within the sensor dish 112 by
several connectors 120, 122. The sensor cap 118 may protect
the sensors 1n the sensor dish 112 from damage and external
environmental conditions, such as dirt, dust, moisture, and
the like. The RF transparent cap may allow RF transmissions
to pass through the sensor cap with minimal or reduced
signal attenuation (e.g., relative to other types of materials).

FIG. 8 illustrates a perspective view of the sensor assem-
bly 100 shown 1n FIG. 1 with the sensor cap 118 removed
according to one embodiment. FIG. 9 illustrates the right
view of the sensor assembly 100 shown 1 FIG. 1 with the
sensor cap 118 removed according to one embodiment. FIG.
10 illustrates a front view of the sensor assembly 100 shown
in FIG. 1 with the sensor cap 118 removed according to one
embodiment. The sensor dish 112 of the housing 102
includes an internal chamber 800 where one or more sensors
1000, 1002 (shown 1n FIG. 10) of the sensor assembly 100
may be located. The internal chamber 800 1s enclosed by the
housing 102 and the sensor cap 118 when the sensor cap 118
1s coupled with the sensor dish 112. While two sensors 1000,
1002 are shown 1n the 1llustrated embodiment, alternatively,
a single sensor or more than two sensors may be included 1n
the sensor assembly 100. The sensor 1000 may represent a
temperature sensor, such as thermocouples or other tem-
perature sensitive elements connected with hardware cir-
cuitry that includes and/or 1s connected with one or more
processors (e.g., field programmable gate arrays, integrated
circuits, microprocessors, or other electronic logic-based
devices). The sensor 1002 may represent a movement sen-
sor, such as an accelerometer or other device that senses
movements (e.g., vibrations). The sensor 1002 may be
connected with the same or different hardware circuitry as
the sensor 1000.

The housing 102 may be formed from one or more
materials that are sufliciently rigid and durable to permait the
housing 102 to be detachably coupled with a vehicle moving
along a route while also protecting the sensors 1000, 1002
disposed 1n the housing 102. In one embodiment, the hous-
ing 102 may be formed from cast steel, such as carbon steel.
Alternatively, the housing 102 may be formed from another
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material. The housing 102 may be relatively large to hold the
sensors 1000, 1002 while providing protection to the sensors
1000, 1002. In one embodiment, the housing 102 1s approxi-
mately five inches long by three and a half inches wide by
three and a half inches tall. For example, the housing 102
may be 5.16 mches by 3.625 inches by 3.5 inches. Alterna-
tively, the housing 102 may have one or more other dimen-
S101S.

Communication circuitry 1004 may be included in the
sensor dish 112. The communication circuitry 1004 can
include or represent transceiving or transmitting circuitry,
such as a wireless antenna, power source (e.g., battery or
connection to an external power source), modem, etc., for
wirelessly commumnicating the data output by the sensors
1000, 1002. The communication circuitry 1004 may com-
municate the data output by the sensors 1000, 1002, such as
the measured temperatures and/or vibrations, to one or more
locations outside of the sensor assembly 100, such as a
control system that controls movement of the vehicle to
which the sensor assembly 100 1s connected, a handheld
reader that an operator uses to acquire the measurements
from the sensors 1000, 1002, one or more wayside devices
disposed on or alongside a route for reading data from the
sensors 1000, 1002 as the vehicle passes over or by the
wayside devices, efc.

FIG. 11 1llustrates a motor assembly 1100 according to
one embodiment. The motor assembly 1100 may be included
in a vehicle, such as a rail vehicle, to generate tractive eflorts
that propel the vehicle. Alternatively, the motor assembly
1100 may be 1included 1n another type of vehicle. The motor
assembly 1100 includes a motor 1102, such as a traction
motor, that generates torque to rotate an axle 1104 connected
with one or more wheels 1106 of the vehicle. The torque
generated by the motor 1102 rotates the axle 1104 and
wheels 1106 to propel the vehicle.

The motor assembly 1100 includes a U-tube structure
1108 on the exterior of the motor assembly 1100. The U-tube
structure 1108 may be used to lift the motor assembly 1100
from the ground, as described below. In one embodiment,
the sensor assembly 100 may be connected with the U-tube
structure 1108 of the motor assembly 1100 to measure
temperatures and/or vibrations of the motor assembly 1100
during movement of the motor assembly 1100.

FI1G. 12 illustrates the U-tube structure 1108 of the motor
assembly 1100 shown 1n FIG. 11 according to one embodi-
ment. The U-tube structure 1108 includes a U-tube 1200
with a jacking hole 1202 disposed between the U-tube 1200.
The jacking hole 1202 1s an opening into the U-tube struc-
ture 1108 that a jack may be iserted. The jack can be
inserted into the jacking hole 1202 1n order to lift the motor
assembly 1100. During movement of the vehicle that
includes the motor assembly 1100, the jacking hole 1202 1s
not used and may be empty. At least one embodiment of the
sensor assembly 100 described herein may be connected to
the motor assembly 1100 1n the jacking hole 1202. In one
embodiment, the size of the channel 1n the housing 102 of
the sensor assembly 100 1s sufliciently large to allow for a
screw or bolt that meshes with the threads of the jacking hole
1202 to pass through the channel. For example, the channel
may have a diameter of at least 1.25 inches to permit a bolt
having a diameter of 1.25 inches to pass through the channel.
Alternatively, the channel may have a diameter of at least
1.375 inches (or another size) to allow for some clearance
between the channel and the bolt.

FI1G. 13 illustrates an exploded view of the sensor assem-
bly 100 and a connector 1300 used to couple the sensor
assembly 100 to the motor assembly 1100 shown 1n FIG. 11
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according to one example. The connector 1300 may be an
clongated bolt or other device that extends through the
connector channel 110 of the sensor assembly 100. The
connector channel 110 may have an axis 1304 that the
connector 1300 1s mserted along into the sensor assembly
100. In the illustrated embodiment, the connector 1300
includes one or more threads 1302 for securing the connec-
tor 1300 to one or more corresponding threads 1n the jacking
hole 1202 (shown 1n FIG. 12) of the motor assembly 1100.
As described above, the sensor assembly 100 may not
include threads that engage the threads 1302 of the connec-
tor 1300. Instead, the sensor assembly 100 may not be
secured to a particular location or orientation around the
circumierence of the connector 1300. This can enable an
operator to change the onentation of the sensor assembly
100 relative to the motor assembly 1100 by rotating the
sensor assembly 100 around the connector 1300 and the axis
1304. The connector 1300 can engage with the threads 1n the
jacking hole 1202 to secure the sensor assembly 100
between a head 1306 of the connector 1300 and the U-tube
structure 1108.

In one embodiment, the housing 102 and the sensor dish
112 are integrally formed from a common material (e.g.,
steel), and the channel 110 has a diameter of at least 1.25
inches and a shank (e.g., elongated body that does not
include the head) of the connector 1300 corresponds 1n size
to the diameter of the channel 110.

FIG. 14 1llustrates the sensor assembly 100 connected to
the U-tube structure 1108 of the motor assembly 1100 shown
in FIG. 1 according to one embodiment. As shown 1n FIG.
14, the connector 1300 1s connected to the U-tube structure
1108 through the jacking hole such that the sensor assembly
100 1s held between the head of the connector 1300 and the
U-tube structure 1108. The sensor assembly 100 1s secured
to the U-tube structure 1108 such that vibrations, tempera-
tures, or other conditions of the U-tube structure 1108 and/or
the motor assembly 1100 are experienced and/or measured
by the sensor assembly 100.

FIG. 15 illustrates operation of the sensor assembly 100
according to one embodiment. The sensor assembly 100 1s
connected with the motor assembly 1100 and senses vibra-
tions, temperatures, or other conditions of the motor assem-
bly 1100 during operation of the motor assembly 1100 (e.g.,
during travel of the vehicle that 1s propelled by the motor
assembly 1100). The sensor assembly 100 may wirelessly
communicate the sensed conditions of the motor assembly
1100 to one or more monitoring devices 1500, such as a
wirecless gateway. The wireless gateway can include or
represent hardware circuitry that includes and/or 1s con-
nected with one or more processors (e.g., field program-
mable gate arrays, integrated circuits, microprocessors, or
other electronic logic-based devices). The monitoring device
1500 can be onboard the vehicle that includes the sensor
assembly 100 or may be off-board the vehicle. The moni-
toring device 1500 can use the sensed conditions to control
operation of the vehicle, to determine 11 a component (e.g.,
motor) 1s damaged, to predict damage to the component, etc.

FIG. 16 1llustrates a flowchart of one embodiment of a
method 1600 for providing a sensor assembly. The method
1600 may be used to provide (e.g., manufacture) the sensor
assembly 100 described above. At 1602, one or more sensors
are positioned inside an internal chamber of a housing. The
sensors may be capable of measuring operational conditions
or characteristics of a vehicle, such as vibrations, tempera-
tures, etc. The housing may 1nclude a radio frequency (RF)
transparent component (e.g., cap) to allow for wireless
communication of data to and/or from the sensors inside the
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housing. This can allow for the sensors to remain protected
from external conditions while the sensors communicate
data 1ndicative of sensed conditions or operations to one or
more locations outside of the housing.

At 1604, a threaded connector 1s placed through a channel
in the housing without the housing having a threaded
engagement with the connector. The channel may be an
opening through the housing that does not include corre-
sponding or matching threads. This allows for a threaded
connector to extend through the channel without being
secured to the housing 1n any particular orientation. For
example, the housing can rotate around the connector and/or
the connector can rotate within the housing without the
housing rotating the connector or the connector rotating the
housing. At 1606, the housing 1s secured to the vehicle b
coupling the connector to the vehicle. The threads of the
connector may engage corresponding threads in or on the
vehicle to secure the connector to the vehicle and to secure
the housing against the vehicle. Because the connector
extends through the housing without the threads of the
connector being coupled with threads of the housing, the
housing 1s free to be moved relative to the connector to
ensure that the sensors are positioned for sensing the opera-
tional conditions of the vehicle while remaining secured to
the vehicle.

In one embodiment, a sensor assembly includes a housing,
extending from an insertion end to an opposite coupling end,
extending from a sensor end to an opposite back end, and
from a top end to an opposite bottom end. Each of the sensor
end, the back end, the top end, and the bottom end intersects
both the insertion end and the coupling end. The housing
also includes a channel extending through the housing from
the insertion end to the coupling end. The channel 1s
configured to receive a connector that extends through the
channel and connects with a vehicle to secure the housing to
the vehicle. The assembly also includes a sensor dish
outwardly projecting from the sensor end of the housing.
The sensor dish has one or more sensors disposed therein
configured to measure one or more operational conditions of
the vehicle. The assembly also includes a radio frequency
(RF) transparent sensor cap configured to be secured to the
sensor dish to secure the one or more sensors within the
sensor dish, and communication circuitry disposed in the
sensor dish and configured to wirelessly communicate data
output by the one or more sensors outside of the housing.

In one embodiment, a vehicle includes a motor assembly
having a jacking hole, and the sensor assembly recited
above, where the housing 1s aflixed to the motor assembly
with the connector extending through the channel and into
the jacking hole.

Optionally, the housing and sensor dish are integrally
formed from a common material (the material comprising
steel), and the channel has a diameter of at least 1.25 inches
and a shank of the connector corresponds in size to the
diameter of the channel.

In one embodiment, a sensor assembly includes one or
more sensors configured to measure one or more operational
conditions of a vehicle and a housing extending from an
isertion end to an opposite coupling end and having an
internal chamber configured to hold the one or more sensors.
The housing also 1includes a channel extending through the
housing from the insertion end to the coupling end. The
channel 1s configured to receive a connector that extends
through the channel and connects with the vehicle to secure
the housing to the vehicle.

Optionally, the one or more sensors mnclude an acceler-
ometer.
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Optionally, the one or more sensors 1include a temperature
SENSor.

Optionally, the sensor assembly includes communication
circuitry configured to be disposed in the internal chamber
of the housing and configured to wirelessly communicate
data output by the one or more sensors outside of the
housing.

Optionally, the housing 1s configured to receive the con-
nector through the channel for securing the connector to a
jacking hole of a motor assembly of the vehicle.

Optionally, the channel of the housing is threadless.

Optionally, the housing also extends from a sensor end to
an opposite back end, with each of the sensor end and the
back end intersecting both the insertion end and the coupling
end of the housing. The housing can include a sensor dish
having the internal chamber. The sensor dish can outwardly
project from the sensor end of the housing.

Optionally, the housing can include a radio frequency
(RF) transparent sensor cap configured to be secured to the
sensor dish to enclose the one or more sensors within the
internal chamber.

In one embodiment, a sensor assembly 1ncludes a housing,
extending from an msertion end to an opposite coupling end,
extending from a sensor end to an opposite back end, and
from a top end to an opposite bottom end. Each of the sensor
end, the back end, the top end, and the bottom end intersects
both the insertion end and the coupling end. The assembly
also includes a sensor dish outwardly projecting from the
sensor end of the housing. The sensor dish 1s configured to
hold one or more sensors. The assembly also includes a radio
frequency (RF) transparent sensor cap configured to be
secured to the sensor dish to secure the one or more sensors
within the sensor dish. The housing also can be configured
to be secured to a vehicle for the one or more sensors to
measure one or more operational conditions of the vehicle.

Optionally, the housing also can include a channel extend-
ing through the housing from the insertion end to the
coupling end. The channel can be configured to receive a
connector that extends through the channel and connects
with the vehicle to secure the housing to the vehicle.

Optionally, the housing can be configured to receive the
connector through the channel for securing the connector to
a jacking hole of a motor assembly of the vehicle.

Optionally, the channel of the housing 1s threadless.

Optionally, the assembly can include the one or more
sensors, where the one or more sensors 1nclude an acceler-
ometer.

Optionally, the assembly includes the one or more sen-
sors, and the one or more sensors include a temperature
SEeNsor.

Optionally, the assembly also can include communication
circuitry configured to be disposed in the sensor dish and
configured to wirelessly communicate data output by the one
or more sensors outside of the housing.

In one embodiment, a sensor assembly includes a housing,
that 1s elongated from an 1insertion end to an opposite
coupling end. The insertion end 1s configured to receive a
connector mto a channel extending through the housing
from the insertion end to the coupling end. The coupling end
1s configured to engage a motor assembly of a vehicle to
which the connector secures the housing. The channel of the
housing 1s configured to receive the connector without being
secured to one or more threads of the connector. The
assembly can include one or more sensors configured to
measure one or more operational conditions of the vehicle.

Optionally, the one or more sensors can include an
accelerometer.
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Optionally, the one or more sensors can include a tem-
perature sensor.

Optionally, the assembly also can include communication
circuitry configured to be disposed in the internal chamber
of the housing and configured to wirelessly communicate
data output by the one or more sensors outside of the
housing.

Optionally, the housing 1s configured to receive the con-
nector through the channel for securing the connector to a
jacking hole of the motor assembly of the vehicle.

In one embodiment, a sensor assembly kit includes a
connector, one or more sensors configured to measure one or
more operational conditions of a vehicle, and a housing
extending from an insertion end to an opposite coupling end
and having an internal chamber configured to hold the one
or more sensors. The housing also includes a channel
extending through the housing from the nsertion end to the
coupling end. The channel 1s configured to receive the
connector. The connector 1s configured to extend through the
channel and connect with an existing aperture in the vehicle
to detachably secure the housing to the vehicle.

It 1s to be understood that the above description 1s
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereot)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the mventive subject
matter without departing from 1ts scope. While the dimen-
s1ons and types of materials described herein are imntended to
define the parameters of the inventive subject matter, they
are by no means limiting and are exemplary embodiments.
Many other embodiments will be apparent to one of ordinary
skill 1n the art upon reviewing the above description. The
scope of the mventive subject matter should, therefore, be
determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled. In the appended claims, the terms “including” and
“in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Moreover, in
the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended
to 1mpose numerical requirements on their objects. Further,
the limitations of the following claims are not written in
means-plus-function format and are not intended to be
interpreted based on 35 U.S.C. § 112(1), unless and until
such claim limitations expressly use the phrase “means for”
tollowed by a statement of function void of further structure.

This written description uses examples to disclose several
embodiments of the mventive subject matter and also to
enable a person of ordinary skill in the art to practice the
embodiments of the inventive subject matter, including
making and using any devices or systems and performing,
any 1ncorporated methods. The patentable scope of the
inventive subject matter may include other examples that
occur to those of ordinary skill in the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent
structural elements with insubstantial differences from the
literal languages of the claims.

The foregoing description of certain embodiments of the
inventive subject matter will be better understood when read
in conjunction with the appended drawings. To the extent
that the figures illustrate diagrams of the functional blocks of
various embodiments, the functional blocks are not neces-
sarily indicative of the division between hardware circuitry.
Thus, for example, one or more of the functional blocks (for
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example, processors or memories) may be implemented 1n a
single piece of hardware (for example, a general purpose
signal processor, microcontroller, random access memory,
hard disk, and the like). Similarly, the programs may be
stand-alone programs, may be incorporated as subroutines 1n
an operating system, may be functions 1 an installed
soltware package, and the like. The various embodiments
are not limited to the arrangements and instrumentality
shown 1n the drawings.

As used herein, an element or step recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps,
unless such exclusion 1s explicitly stated. Furthermore,
references to “an embodiment” or “one embodiment™ of the
inventive subject matter are not intended to be interpreted as
excluding the existence of additional embodiments that also
incorporate the recited features. Moreover, unless explicitly
stated to the contrary, embodiments “comprising,” “includ-
ing,” or “having” an element or a plurality of elements
having a particular property may include additional such
clements not having that property.

Since certain changes may be made in the above-de-
scribed systems and methods without departing from the
spirit and scope of the inventive subject matter herein
involved, 1t 1s mtended that all of the subject matter of the
above description or shown in the accompanying drawings
shall be interpreted merely as examples illustrating the
inventive concept herein and shall not be construed as
limiting the inventive subject matter.

As used herein, a structure, limitation, or element that 1s
“configured to” perform a task or operation 1s particularly
structurally formed, constructed, programmed, or adapted 1n
a manner corresponding to the task or operation. For pur-
poses of clarity and the avoidance of doubt, an object that 1s
merely capable of being modified to perform the task or
operation 1s not “configured to” perform the task or opera-
tion as used herein. Instead, the use of “configured to” as
used herein denotes structural adaptations or characteristics,
programming of the structure or element to perform the
corresponding task or operation 1n a manner that 1s difierent
from an “ofl-the-shelf” structure or element that 1s not
programmed to perform the task or operation, and/or
denotes structural requirements of any structure, limitation,
or element that 1s described as being “configured to™ per-
form the task or operation.

What 1s claimed 1s:

1. A vehicle comprising:

a motor assembly having a motor housing with a U-tube
structure, the U-tube structure having a jacking hole
configured to receive a jack for lifting the motor
assembly; and

a sensor assembly comprising:

a housing extending from an insertion end to an oppo-
site coupling end, extending from a sensor end to an
opposite back end, and extending from a top end to
an opposite bottom end, wherein each of the sensor
end, the back end, the top end, and the bottom end
intersects both the insertion end and the coupling
end, the housing also including a channel extending
through the housing from the insertion end to the
coupling end, wherein the channel receives a con-
nector that extends through the channel from the
insertion end to the coupling end and connects with
a vehicle to secure the coupling end of the housing
against a component of the vehicle;

a sensor dish outwardly projecting from the sensor end
of the housing, the sensor dish having one or more
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sensors disposed therein configured to measure one
or more operational conditions of the vehicle, the
one or more sensors also configured to output data
representative of the one or more operational condi-
tions that are measured;

a radio frequency (RF) transparent sensor cap config-
ured to be secured to the sensor dish to secure the one
or more sensors within the sensor dish; and

communication circuitry disposed in the sensor dish
and configured to wirelessly communicate, to one or
more locations outside of the housing, the data that
1s output by the one or more sensors;

wherein the housing of the sensor assembly 1s aflixed to

the motor assembly with the connector extending

through the channel and 1nto the jacking hole.

2. The vehicle of claim 1, wherein the housing and sensor
dish are itegrally formed from steel, and wherein the
channel has a diameter of at least 1.25 inches and a shank of
the connector corresponds in size to the diameter of the
channel.

3. The sensor assembly of claim 1, wherein the channel 1s
clongated and has a first length that 1s less than a second
length of the connector such that one end of the connector
protrudes out of the insertion end of the housing and an
opposite end of the connector protrudes out of the coupling
end of the housing while the connector extends through the
channel and secures the housing to the vehicle.

4. A sensor assembly comprising:

one or more sensors configured to measure one or more

operational conditions of a vehicle; and

a housing extending from an insertion end that 1s config-

ured to recei1ve a connector to an opposite coupling end

that 1s configured to contact a U-tube structure of a

motor housing, the housing having a sensor end that

extends from the mnsertion end to the coupling end, the

housing having a sensor dish outwardly projecting

from the sensor end, the sensor dish having a container
in which sensors are disposed, the housing also includ-
ing a channel extending through the housing from the
isertion end to the coupling end, the channel config-
ured to receive a connector that extends through the
channel and connects with the vehicle to secure the
housing to the vehicle;

wherein the housing 1s configured to receive the connector

through the channel that 1s of size and shape for

securing the connector to a jacking hole of a motor
assembly of the vehicle.

5. The sensor assembly of claim 4, further comprising
communication circuitry configured to be disposed in the
internal chamber of the housing and configured to wirelessly
communicate data output by the one or more sensors,
outside of the housing.

6. The sensor assembly of claim 4, wherein the channel of
the housing 1s threadless.

7. The sensor assembly of claim 4, wherein each of the
sensor end and a back end intersect both the insertion end
and the coupling end of the housing, wherein the housing
includes a radio frequency (RF) transparent sensor cap
configured to be secured to the sensor dish to enclose the one
or more sensors within the internal chamber.

8. The sensor assembly of claim 4, wherein the channel 1s
clongated and has a first length that 1s less than a second
length of the connector such that one end of the connector
protrudes out of the insertion end of the housing and an
opposite end of the connector protrudes out of the coupling
end of the housing while the connector extends through the
channel and secures the housing to the vehicle.
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9. A sensor assembly comprising;

a housing extending from an insertion end that 1s config-
ured to recerve a connector to an opposite coupling end
that 1s configured to contact a U-tube structure of a
motor housing, extending from a sensor end to an
opposite back end, and from a top end to an opposite
bottom end, wherein each of the sensor end, the back
end, the top end, and the bottom end intersects both the
isertion end and the coupling end;

a sensor dish outwardly projecting from the sensor end of
the housing, the sensor dish having a container in which
sensors are disposed; and

a radio frequency (RF) transparent sensor cap configured
to be secured to the sensor dish to secure the one or
more sensors within the sensor dish, wherein the cou-
pling end of the housing 1s configured to be secured
against a component of a vehicle for the one or more
sensors to measure one or more operational conditions
of the vehicle;

wherein the housing i1s configured to receive the connector
through a channel of size and shape for securing the
connector to a jacking hole of a motor assembly of the
vehicle.

10. The sensor assembly of claim 9, wherein the housing
also includes the channel extending through the housing
from the insertion end to the coupling end, the channel
configured to receive a connector that extends through the
channel and connects with the vehicle to secure the housing
to the vehicle.

11. The sensor assembly of claim 9, wherein each of the
isertion end, the coupling end, the sensor end, the back end,
the top end, and the bottom end 1s a planar surface.

12. The sensor assembly of claim 9, wherein the one or
more sensors mnclude one or more of an accelerometer or a
temperature sensor.

13. The sensor assembly of claim 12, further comprising
communication circuitry configured to be disposed in the
sensor dish and configured to wirelessly communicate data
output by the one or more sensors, outside of the housing.

14. A sensor assembly comprising:

a housing that 1s elongated from an insertion end that 1s
configured to receive a connector to an opposite cou-
pling end that 1s configured to contact a U-tube struc-
ture of a motor housing, the housing having a sensor
end that extends from the 1nsertion end to the coupling
end, the housing having a sensor dish outwardly pro-
jecting from the sensor end, the sensor dish having a
container 1n which sensors are disposed, the 1nsertion
end shaped to receive a connector mto a channel
extending through the housing from the 1nsertion end to
the coupling end, the coupling end shaped to engage a
motor assembly of a vehicle to which the connector
secures the housing, wherein the channel of the housing,
1s shaped to receive the connector without being
secured to one or more threads of the connector; and

one or more sensors configured to measure one or more
operational conditions of the vehicle;

wherein the housing 1s configured to receive the connector
through the channel of size and shape for securing the
connector to a jacking hole of the motor assembly of
the vehicle.

15. The sensor assembly of claim 14, wherein the one or

more sensors include an accelerometer.

16. The sensor assembly of claim 14, wherein the one or
more sensors include a temperature sensor.

17. The sensor assembly of claim 14, further comprising
communication circuitry configured to be disposed in the
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internal chamber of the housing and configured to wirelessly
communicate data output by the one or more sensors outside
of the housing.

18. The sensor assembly of claim 14, wherein the channel
1s elongated and has a first length that 1s less than a second
length of the connector such that one end of the connector
protrudes out of the mnsertion end of the housing and an
opposite end of the connector protrudes out of the coupling

end of the housing while the connector extends through the
channel and secures the housing to the vehicle.

19. A vehicle comprising;:

a motor assembly having a motor housing with a U-tube
structure, the U-tube structure having a jacking hole
configured to receirve a jack for lifting the motor
assembly; and

a sensor assembly kit including:

a threaded connector;

sensors configured to measure vibrations and tempera-
tures of the motor assembly;

a sensor housing extending from an 1nsertion end to an
opposite coupling end and having a sensor end that
extends from the insertion end to the coupling end,
the sensor housing having a sensor dish extending
outward from the sensor end, the sensor dish having,
a container 1 which the sensors are disposed, the
sensor housing also including a channel that does not
include threads and that extends through the sensor
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housing from the insertion end to the coupling end,
the channel positioned to receive the connector 1nto
the sensor housing through the insertion end with the
connector extending out of the sensor housing
through the coupling end, wherein the coupling end
of the sensor housing directly contacts the U-tube
structure ol the motor housing, the insertion end of
the sensor housing faces away from the U-tube
structure of the motor housing;
communication circuitry disposed in the container of
the sensor dish, the communication circuitry config-
ured to wirelessly communicate data from the sen-
sors to one or more locations outside of the sensor
housing; and
a radio frequency (RF) transparent cap coupled with the
sensor dish of the sensor housing to enclose the sensors
and the communication circuitry in the container of the
sensor dish.

20. The wvehicle of claim 19, wherein the channel 1s
clongated and has a first length that 1s less than a second
length of the connector such that one end of the connector
protrudes out of the msertion end of the sensor housing and
an opposite end of the connector protrudes out of the
coupling end of the sensor housing while the connector

extends through the channel and secures the sensor housing
to the U-tube structure.
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